Background Occupational exposure to ultraviolet (UV) radiation from welding is considered a risk factor for cataract and other eye disorders, but the evidence for such effects is limited.
Introduction
Welding is an industrial process widely used for the permanent joining of metal parts. The more common welding processes can be classified as arc welding, gas welding, resistance welding, energy beam welding and solid-state welding [1] , the former two being most common in Nigeria. This study focuses on arc metal welders only, which may involve manual metal arc (MMA), metal inert gas (MIG) or tungsten inert gas (TIG).
The hazards associated with metal arc welding depend on the type of welding, the type of metal (including surface coating), the consumable electrode and the environment (indoor, outdoor, confined space) [1] . Welders are at risk of burns and are potentially exposed to optical radiation (welding arc), inorganic gases (ozone, carbon dioxide), particulates produced during the welding process and spatter. Many processes produce ozone and carbon dioxide, which can prove dangerous if ventilation is inadequate.
The use of compressed gas and flames in many welding processes poses the risk of an explosion and fire.
For most welding processes, ultraviolet (UV) and visible radiations are the main components of optical emission, and the type and extent of optical damage depends on the energy absorbed, the wavelength of radiation and the duration of exposure [2] . The eyes act as a filter and the rays are selectively absorbed by the different structures present in the eyes. UV radiation is absorbed by the cornea and lens, with the lens absorbing more of the radiation at wavelengths approaching 400 nm. This absorption causes chemical changes in the lens, leading to cataract formation [2] [3] [4] .
On a global scale, cataract is one of the leading causes of blindness, accounting for 48% of blindness worldwide and 50-55% in African countries [5] . It is more prevalent among the aged population, but in developing countries, cataract may occur at an earlier age than in the developed countries [6] .
There is no proven prevention or medical treatment for cataract. Surgical removal remains the only therapy available. Despite the huge investment in cataract surgery in developed countries, unoperated cataract continues to be the leading cause of blindness [6] . In the developing world, the shortages, maldistribution and inefficiencies of both eye care manpower and facilities have made access to surgical intervention relatively poor. This shortfall in surgical intervention has increased the interest in identifying alternative non-surgical measures aimed at preventing or delaying cataract. In the United States, it is estimated that a 10-year delay in the onset of cataract would result in a 50% reduction in the prevalence of cataract [6] . Delaying the incidence of cataract depends on the identification of risk factors that are responsible for cataract development.
Non-occupational risk factors associated with cataract development include age, sex, family history, lifestyle (smoking and alcohol), nutrition, diabetes, corticosteroid use and severe dehydration [7] . The occupational risk factors implicated are UV radiation [8] , infrared radiation, a greater than normal amount of ionizing radiation [9] , wood smoke [10] and trauma (injuries penetrating the eye, blunt trauma to the eye, chemical burns to the eye and electric burns above the shoulder) [11] .
The majority of the literature on welders focused on the respiratory health effects with relatively little on the effects of optical radiation. This study aimed to identify any increased risk of developing cataract following metal arc welding and to investigate the associated risk factors. Although a similar study has been conducted in Nigeria [12] , it has failed to quantify and adjust for common occupational and non-occupational confounders for cataract, such as age, diabetes, medication and previous eye injuries.
Methods
A cross-sectional study was carried out in Port Harcourt, Rivers State, Nigeria, between April and June 2009. Seven companies, whose main activity was metal fabrication and which conducted arc welding on a daily basis, were approached. Two companies declined to participate. The Welders Association of Nigeria approved the study protocol. Informed consent was obtained from all participants at the time of enrolment.
All arc welders working in the five participating companies were eligible for the study. In addition, we included as controls other technical and field workers not engaged in welding. These included electricians, mechanics ( fitters), painters and forklift/crane operators. All controls generally worked away from the designated welding areas. All welders and controls worked 4-6 days per week (depending on each company's rotation system) but all worked 10-h shifts.
Information was collected from the participants using a self-administered questionnaire and an eye examination, both carried out in the site clinics. Two visits on separate days were made to each company to make sure all participating welders and controls were examined and to accommodate those working on shifts. Every welder and control worker available on the day of the visit was examined. Those that were not literate were assisted by the examiner in completing the questionnaires. All questionnaires were cross-checked with each participant prior to eye examination. The questionnaire sought information on smoking status, medical and family history, eye symptoms and injuries, and particulars of occupation and work environment. All eye examinations were carried out by the same qualified ophthalmologist (Y.M.) and included external examination and ophthalmoscopy (using the Welch Alyn 3.5 coaxial ophthalmoscope) to detect the presence of any pinguecula, pterygium, photokeratitis, foreign body, cataract or retinal burn. Cataract was defined as lens opacity ≥5% of the lens 'surface' on retro-illumination [13] . Photokeratitis was defined as conjunctiva injection or chemosis at the time of examination.
Difference in characteristics by occupation was evaluated using the χ 2 -test. Logistic regression models were built to assess the relationship between the presence of cataract and occupation. We present the odds ratio (OR) and 95% confidence intervals (CI) obtained from the unadjusted univariate and the multivariate models, having adjusted for age (20-29, 30-39, 40-49, ≥50 years), smoking status (non-smoker, smoker), family history of cataract (no, yes), working mainly outdoors (no, yes) and history of eye injury (no, yes). All analyses were performed with Stata (version 11.2, Stata Corp., College Station, TX, USA).
Results
There were 117 welders (mean age: 36.2 ± 10.2 years) and 105 controls (35.7 ± 8.7 years) included in this study. All participants were male. Particulars about their occupation are detailed in Table 1 . There was no difference in terms of age distribution, smoking, prevalence of diabetes, daily working hours and location (indoor or outdoor) between welders and controls, except history of eye injury, which was more common in welders (21% versus 5%; P < 0.001). The prevalence of self-reported eye symptoms (pain, tearing [excessive watering], sandy sensation and photophobia) was significantly higher among welders compared with controls (all P < 0.001). Examination of their eyes revealed that pingueculae and pterygia were common in both welders and controls, but cataract appeared to be more prevalent among welders compared with controls (8% versus 1%; P < 0.05). Table 2 shows the risk of cataract according to the purported risk factors. Diagnosis of diabetes and use of corticosteroids were not included in the model because cataract was not found in diabetic participants; moreover, none of the participants reported having used corticosteroids for at least 3 months before the study. Being a welder, older age (≥50 years) and a history of eye injury were found to be associated with the presence of cataract in the univariate model. In the multivariate model, adjusting for all potential confounders, only older age and history of eye injury remained statistically significant, with the adjusted OR being 24.2 (95% CI = 1.79-327.00) for the former and 11.0 (95% CI = 1.68-71.60) for the latter. There was an elevated risk of cataract among welders compared with the controls, but the association was not statically significant (adjusted OR = 3.49; 95% CI = 0.37-32.70).
Because of the strong association between history of eye injury and cataract, we explored the details of the injuries among the welders. The results are summarized in Table 3 . All welders with history of work-related eye injuries reported using welding helmets when welding. However, only 60% welders were wearing eye protection when the eye injury occurred. The majority of the eye injuries occurred during welding and grinding operations (72%) and resulted from objects striking the eye, which required removal of the impacted foreign body in the majority of the cases (68%).
Discussion
Our study found an increased risk of cataract among welders when compared with non-welders from the same organization who spent a similar amount of their working day outdoors. The main risk factors for cataract were older age and history of eye injuries. Further investigation showed that the majority of eye injuries occurred during welding-allied processes, in particular metal grinding, where particles are released at high energy. We found no conclusive evidence to confirm the role of UV (or optical) radiation as a risk factor for cataract.
We were able to minimize selection bias by including all workers (welders and controls) available on site during the two visits to each company. Although we relied on self-reports of information on eye injuries and the use of eye protection, in addition to the drawback that the exposure status was not blinded to the assessor, the primary outcome, i.e. cataract, was assessed by the same qualified ophthalmologist with the same standard objective criteria throughout the study. Workplace inspections were conducted at all five sites to observe actual practices, work environments and eye-protection types available on site. However, the knowledge and attitude towards the use of eye protection and its actual use were not studied in detail. Moreover, although the welding helmets were fitted with appropriate UV filters, we were not able to assess their effectiveness, which would be dependent on their correct use in the welding areas. Arc welding is a common activity in metal-fabrication workshops, which exposes welders to various chemical and physical hazards. Chemical hazards, such as metals and inorganic gases arising from welding operations, have been studied extensively, focusing mainly on respiratory health effects; however, few studies have investigated the health risk among welders from exposure to physical hazards. UV radiation is emitted at high levels during arc welding. Protection from UV radiation is usually afforded by the use of welding helmets with UV filters; however, the risk of exposure may exist if such helmets are either not available or not used effectively. Little data exist on the level of UV-radiation exposure during welding and the associated eye injuries, including cataract.
Davies et al. [12] compared the visual acuity and the prevalence of ocular disorders in arc welders in Nigeria. The study recruited 110 welders who worked outdoors (street welders) and a control group of 85 non-welders. Their study also showed a significant difference between welders and controls for cataract (2.5% versus 0%) but not for observed pterygia and pingueculae. The findings of their study are similar to our study for the unadjusted data, but the authors did not adjust their results for potential confounders such as age, diabetes and history of eye injuries. Other studies have reported cataracts among arc welders exposed to UV radiation from welding operations [12, 14, 15] and the number of cases of cataract has been observed to increase with years in welding. In 1986, a Bulgarian study reported radiation cataract in 24% of arc welders who had been welders for at least 10 years [14] . A more recent study by the same authors [15] reported a cataract prevalence of 38% among 522 workers exposed to different sources of non-ionizing radiation, which included welding. In comparison, in this and another Nigerian study [12] , the prevalence of cataract among arc welders was much lower (8% and 2.5%, respectively). The prevalence of much higher levels of cataract in the Bulgarian sample is unclear.
Age and sunlight are known to contribute to the development of lens opacities [7, 16] . Although our data show at least a 6-fold increase in the risk of cataract for workers who are 50 years or older, working outdoors is not found to be a significant risk factor for cataract after multivariate adjustment. Studies on the relationship between exposure to light (both sunlight and artificial) and the development of cataract have been conducted. Delcourt et al. [4] conducted a study of 2584 residents in France and found that the ambient solar radiation was associated with a 60% increase in risk of mixed cataracts. However, professional workers exposed to artificial light (mainly in welding) were associated with a 3-fold increased risk of cataract. Eye injury among welders is clearly of concern, both in terms of occupational ocular injury and as a possible risk factor for cataract. A Pakistani study reported foreign bodies in the eyes as the most common eye injury sustained by a group of 208 welders [17] . The foreign bodies are likely to arise from metal grinding, often also part of the job activity as a welder [18] . While welders are provided with different types of eye protection, including welding masks, safety goggles, face shield (clear) and safety glasses with shields, for protection against optic radiation, whether these are effective and appropriate for protection against chipping slag due to grinding has not been studied in detail. In this study, although all welders stated that they used welding helmets when welding, 40% reported that they were not wearing eye protection when the eye injury occurred. This implies that eye protection is not used all the time when welders are conducting tasks with risk of eye injury. It is possible that the welders removed their eye protection when they were carrying out ancillary operations as they could not see adequately through the coloured lenses of their helmets or shields. Eye injuries experienced while wearing eye protection may be due to not wearing the most effective eye protection for the task [18] . However, before deciding on the most appropriate eye protection and its effectiveness, consideration should be given to alternative welding techniques and work methods, which for instance may reduce the extent of slag formation, minimizing the need for subsequent grinding.
Our study shows that Nigerian welders had an elevated risk of developing cataracts. Although the role of UV radiation cannot be excluded, this study suggests that the main occupational risk factor is history of eye injuries. The eye injuries were reported to occur mainly due to impaction of particles from welding-allied processes such as metal grinding. It is thus important to ensure that welders are not only provided with different types of eye protection but that they also understand which type should be used, and when, to protect against optical and impact injuries. Workers in metal-fabrication shops should be also be required to report all eye-related incidents so that the causes can be better understood, enabling implementation of suitable interventions to reduce further risks of ocular injuries and cataract.
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Key points
• Eye injuries, inflicted during metal welding and allied metal-working processes, in particular metal grinding, are an important risk factor for cataract among arc welders.
• There is limited evidence for ultraviolet radiation from welding being a risk factor for cataract.
• It is important for welders to use the correct eye protection, particularly when their daily work involves a range of metal-working tasks.
National Service in 1953 took me first to the Royal Armoured Corps at Bovington with a variety of units, a large REME workshop and a busy medical centre. I took the opportunity to drive a Centurion tank. A Short Service commission took me to the Cambridge Hospital in Aldershot as a trainee medical specialist and later to the Queen Alexandra Hospital in Millbank. About to marry a QARANC nursing sister I succumbed to the financial inducement of a permanent commission. Attending the advanced medicine course at the London Hospital I first encountered Dr Donald Hunter, an enthusiastic teacher who always emphasized the importance of the occupational history in relation to the illness. I subsequently acquired MRCP in Edinburgh, taking Tropical Medicinewell taught at Millbank-as a special subject, and was posted as medical specialist to the Military Hospital in Tripoli, Libya, responsible for general medicine and paediatrics. Returning after 3 years to the Military Hospital at Chester I decided to return to civilian life necessitating a probable change of specialty. Fortuitously, while in Cheshire, I met Pat Barry of Associated Octel and Mike Flindt of Unilever who introduced me to Industrial Medicine.
Appointed to the Reed Paper Group under Gordon Smith I obtained DIH in company with Peter Taylor who I had known as a student and also in the Middle East; Peter was the RAF medical specialist in Cyprus who reviewed the fitness to fly of patients of mine requiring air evacuation to the UK. We remained close friends until his untimely death.
At Reeds, I became interested in what seemed the relatively neglected area of occupational mental health and when in 1963 IBM sought a doctor interested in 'stress', I was fortunate to be appointed. I remained there for 24 years until my retirement and witnessed the rapid advances of data processing in diminishing packages.
To broaden my education and understanding of mental ill health, I did a part-time clinical assistantship for Dr Roger Tredgold, a consultant psychiatrist at UCH with a special interest in mental health at work and I also became a cotherapist in a therapeutic group. I took part in other group activities organized by the Tavistock Institute and others and saw the introduction of group dynamics as a management development tool. Not always successful! In the late 1960s I assembled a small group of senior occupational doctors to discuss mental health at work and this grew to a more structured occupational mental health discussion group [1] . Interest in this aspect of employment expanded until the more general recognition of its importance. With colleagues we also organized several international meetings with the emphasis on the mental health of the organization and its employees.
I was privileged to play satisfying roles with the Royal Navy, the Society both centrally and locally, and the Faculty becoming Dean in 1986.
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